A novel phantomless, EPID-based method of measuring the beam focal spot offset of a linear accelerator was proposed and validated for Varian machines. In this method, one set of jaws and the MLC were utilized to form a symmetric field and then a 180 o collimator rotation was utilized to determine the radiation isocenter defined by the jaws and the MLC, respectively. The difference between these two isocentres is directly correlated with the beam focal spot offset of the linear accelerator. In the current work, the method has been considered for Elekta linacs. An
isocentres is directly correlated with the beam focal spot offset of the linear accelerator. In the current work, the method has been considered for Elekta linacs. An Elekta linac with the Agility â head does not have two set of jaws, therefore, a modified method is presented making use of one set of diaphragms, the MLC and a full 360 o collimator rotation. The modified method has been tested on two Elekta Synergy â linacs with Agility â heads and independently validated. A practical guide with instructions and a MATLAB â code is attached for easy implementation.
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| INTRODUCTION
Quality Assurance of linear accelerators is an important part of the overall Radiotherapy Quality Management system 1,2 and specific tests for linacs have been recommended in many international publications. 3, 4 Measurement of the beam focal spot offset is not explicitly advocated, because its measurement is impractical and timeconsuming. 5 However, beam focal spot position influences dosimetric and geometric properties of the beam (i.e., beam flatness and symmetry; radiation isocenter size and position). Ideally, it should be positioned at the collimator axis of rotation, so the size of the radiation isocenter is minimal and the propagation of the beam is along the collimator axis of rotation, as assumed and modeled by radiotherapy Treatment Planning Systems.
A significant improvement of the beam focal spot offset measurement methodology proposed by Chojnowski et al. 6 using an EPID-based and phantom-less technique, has since been shown to produce quick and accurate measurements. The idea was developed from the fact that if the radiation source is aligned with the collimator axis then the radiation isocenter position determined by the collimator rotation is independent of the type of field collimation used: jaws (diaphragms) or MLC. However, if the radiation source is misaligned with the collimator axis of rotation then the radiation isocenter position depends on the type of collimation, (see Fig. 1 .) because the physical position and distance of jaws and MLC are different in relation to the radiation source.
The procedure of measuring the beam focal spot offset as described by Chojnowski et al. 6 is specific to Varian machines. It uses four open fields; two of which use two sets of jaws (X and Y)
to form the collimation aperture and the other two using the MLC.
While an Elekta machine with an Agility â head has only one set of diaphragms and MLC it is sufficient for determination of the beam focal spot offset when using a modified approach. 
2.B | Method
An Elekta machine with the Agility head has one set of diaphragms and so cannot form square field using diaphragms alone. However, The calculation formula for the beam focal spot offset (eq. 1.) is the same as previously published by Chojnowski et al. 6 but the schematic diagram (Fig. 1.) and proportionality factor "a" (eq. 2.) have been modified to reflect the geometry of the Elekta Agility â head.
The beam focal spot offset in any one direction is a product of the proportionality constant and the distance between beam centers, determined by the EPID:
where:
D EPI = Measured distance between beam centers using the EPID a = machine and procedure specific proportionality factor | 45
All acquired EPID images were analyzed by a custom MATLAB â (The MathWorks, Inc., Natick, USA) script to determine the two beam centroids defined by diaphragms and the MLC, respectively.
Only the central part of each image was analyzed. First, each image was filtered to remove noise using a two-dimensional median filtering with a 3 9 3 size matrix. Each image was normalized, with the minimum pixel value being assigned the value 0 and the maximum pixel value being assigned the value 1. Each image was then resized, using bicubic interpolation, by a factor of 10 to increase the calcula- To calculate beam focal spot offset (eq. 1), the distance determined between the two centers was multiplied by the proportionality factor "a" (eq. 2), which for the Elekta machine is equal to À0.9078 (eq. 2; d mlc = 35.54 cm, d dia = 47.05 cm and d epi = 160 cm).
The Agility â head has the MLC assembly closer to the radiation source compared to the diaphragms (in contrast to the Varian machines) therefore the proportionality factor is negative, which basically means that the beam focal spot position varies in the opposite way to the directional difference in radiation isocenters defined by diaphragms and the MLC.
A practical ready-to-go procedure and a MATLAB â script for the Elekta Linac with the Agility â head are attached in Appendices S1
and S2, respectively.
2.C | Validation
The validation of the modified, phantomless method is based on previous work published by Nyiri 
| RESULTS AND DISCUSSION
The mean difference of beam focal spot offset measured using EPID and ionization chamber was found to be 0.004 AE 0.052 mm (1 SD) (Table 1 ) and the beam focal spot offset reproducibility was on average AE0.045 mm ( Table 2) .
Measurements were performed using both diaphragms 
| CONCLUSION
An innovative phantom-less method of measuring beam focal spot offset using the EPID has been presented for Elekta linacs with the Agility â head. It is a modification of the method described previously for Varian linacs, 6 which have two sets of jaws as opposed to one for the Agility â head. It has the same advantages of being an accurate, practical and fast technique. It is recommended to include this test as part of the monthly linac QA.
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